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Abstract: Early S100B protein serum elevation is associated with poor prognosis in patients with
ruptured brain arteriovenous malformations (BAVM). The purpose of this study is to determine
whether a secondary elevation of S100B is associated with early complications or poor outcome in this
population. This is a retrospective study of patients admitted for BAVM rupture. A secondary increase
of S100B was defined as an absolute increase by 0.1 µg/L within 30 days of admission. Fisher’s and
unpaired t tests followed by multivariate analysis were performed to identify markers associated
with this increase. Two hundred and twenty-one ruptures met inclusion criteria. Secondary S100B
protein serum elevation was found in 17.1% of ruptures and was associated with secondary infarction
(p < 0.001), vasospasm-related infarction (p < 0.001), intensive care (p = 0.009), and hospital length of
stay (p = 0.005), but not with early rebleeding (p = 0.07) or in-hospital mortality (p = 0.99). Secondary
infarction was the only independent predictor of secondary increase of S100B (OR 9.9; 95% CI (3–35);
p < 0.001). Secondary elevation of S100B protein serum levels is associated with secondary infarction
in ruptured brain arteriovenous malformations.

Keywords: cerebrovascular malformations; intracranial hemorrhage; prognosis; arteriovenous
malformations; brain; stroke; biomarker

1. Introduction

Brain arteriovenous malformation (BAVM) rupture results in significant morbi-mortality,
but the prognosis is better than primary hematoma [1]. Elevated S100B serum levels within
the first 48 h of patient admission are found to be an independent predictor of in-hospital
mortality following BAVM rupture [2]. Furthermore, a secondary increase of S100B is described
as a significant marker of severe neurological complications in routinely admitted neuro-intensive care
patients [3]. Secondary complications following BAVM rupture include hydrocephalus, rebleeding,
and vasospasm [4–6]. No study to this date has monitored S100B in ruptured BAVM beyond 48 h.
The present study aims to describe S100B evolution and determine whether a secondary elevation is
associated with early complications or poorer outcomes following BAVM rupture.
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2. Results

2.1. Population

Two hundred and seventy-one patients with 276 ruptures were identified during the study period.
A total of 221 hemorrhagic events in 216 patients were included for analysis (Figure 1). Sixteen patients
(7%) were tachycardic and 6 patients (3%) were bradycardic at admission. Fifty-seven patients (26%)
and 7 patients (3%) had, respectively, a high and a low mean blood pressure at admission. Eighty-six
percent of the patients had normal levels of troponin. Patients’ characteristics are displayed in Table 1.
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Table 1. Demographic, clinical, biological, and imaging characteristics of patients presenting with brain
arteriovenous malformation (BAVM) ruptures.

221 BAVM Ruptures (216 Patients)

Demographics and Medical History
Age 44 ± 15
Male 124 (56)

History of high blood pressure (n = 220) 34 (15)
Past BAVM rupture (n = 220) 23 (10)

Admission Characteristics
Median initial GCS (n = 218) 14 (10–15)

Initial GCS ≤ 8 49 (22)
Heart rate (n = 191) 75 ± 16

Mean blood pressure (n = 197) 99 ± 18

BAVM Characteristics
Nidus size (n = 207) 22 ± 16

Exclusive deep venous drainage (n = 199) 55 (28)
Deep localization (n = 217) 48 (22)

Any aneurysm (n = 197) 91 (46)
Nidal aneurysm (n = 196) 53 (27)

Flow-related aneurysm (n = 207) 53 (26)
Median Spetzler-Martin grade (n = 204) 2

1–2 125 (61)
3 55 (27)

4–5 24 (12)
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Table 1. Cont.

221 BAVM Ruptures (216 Patients)

Hemorrhage Characteristics
Infratentorial cerebral hemorrhage (n = 219) 37 (17)
Intracerebral hemorrhage ≥30 mL (n = 217) 97 (45)
Intracerebral hemorrhage ≥60 mL (n = 217) 50 (23)

Intraventricular hemorrhage (n = 219) 143 (65)
Subarachnoid hemorrhage (n = 219) 54 (25)

Subdural hematoma (n = 219) 18 (8)

Biological Parameters
Mean Initial S100B (n = 215) 0.44 ± 0.60

Mean S100B on day 3 (n = 166) 0.19 ± 0.23
Mean S100B on day 7 (n = 132) 0.10 ± 0.12
Mean S100B at 1 month (n = 4) 0.07 ± 0.04

Plasma troponin elevation (n = 169) 24 (14)
Serum creatinine (µmol/L) (n = 203) 63 ± 19

Management and Outcome
EVD placement 122 (55)

Early obliteration (<1 month) 58 (26)
Early rebleeding (<1 month) 14 (6)

Secondary infarction 18 (8)
Vasospasm-related infarction 5 (2)

Intra-hospital mortality 25 (11)
Mean intensive care length of stay * (n = 164) 30 ± 47

Mean hospital length of stay * (n = 151) 38 ± 35
Mean sedation time (days) 4.30 ± 8.5

Modified Rankin Scale ≥3 † (n = 214) 87 (41)

Values are mean ± standard deviation or medians with interquartile range for quantitative variables and
percentage for qualitative variables. * In-hospital deaths are not counted. † Beyond 3 months. Abbreviations:
BAVM (brain arteriovenous malformation); EVD (external ventricular drainage); GCS (Glasgow coma scale).

2.2. S100B Evolution in General Population

In the total study population, S100B decreased daily to reach normal levels within 10 days
(Figure 2A). A modest increase of mean levels was observed on day 12, with a mean S100B level of
0.14 µg/L, and this increase was prolonged up to day 14 (0.12 µg/L). Whatever the initial S100B serum
level (total study population; 0.1–0.5 µg/L; 0.5–1 µg/L; >1 µg/L), more than 80% of patients reached
normal S100B serum levels within the first 7 to 10 days following admission (Figure 3).

2.3. S100B Evolution in Subgroups

When the general population was dichotomized based on initial clinical Glasgow coma scale
(GCS) (either ≤8 or >8; Figure 2B) or outcomes (modified Rankin Scale <3 or ≥3; Figure 2C), a secondary
increase in S100B levels was noted for patients with GCS ≤8 (0.10 to 0.24 µg/L on day 12) and modified
Rankin Scale ≥3 (0.10 to 0.19 µg/L on day 12). When mean S100B levels were then dichotomized based
on secondary complications (infarction or early rebleeding; Figure 2D), secondary increase was found
to be exclusively related to infarction. In this subgroup, a notable increase in mean S100B levels was
observed, rising from 0.12 µg/L on day 10 to 0.50 µg/L on day 12. This secondary increase did not
prevent S100B from reaching normal levels on day 30 (0.06 µg/L). Causes and description of cerebral
infarctions are displayed in Table 2.
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Table 2. Causes of cerebral infarction complicating brain arteriovenous malformation ruptures.

Etiology Number of
Ruptures (%)

Mean Delay
from Admission
(Days; Range)

Ischemic
Territories

Diagnosis
Modality Comments

Vasospasm 5 (28%) * 8 (4–14)

ACA = 2
MCA = 4
PCA = 1
VB = 3

MRI = 2
CT = 3

Iatrogenic 7 (39%) † 9.2 (0–42)

ACA = 1
MCA = 5
PCA = 1
VB = 2

MRI = 3
CT = 4

Embolization: 4
Hematoma evacuation: 3

Mass effect 5 (28%) 1.8 (0–4)
ACA = 2
PCA = 2
VB = 1

MRI = 2
CT = 3

Brain herniation: 2
Compressive hematoma: 3

Sporadic 1 (5%) 6 PCA CT Patent foramen ovale

Unknown 1 (5%) 1 ACA CT

One patient had both iatrogenic and vasospasm-related infarction. * Three patients had more than one territory
involved. † Two patients had more than one territory involved. Abbreviations: ACA (anterior cerebral
artery); CT (computed tomography); MCA (middle cerebral artery); MRI (magnetic resonance imaging);
PCA (posterior cerebral artery); VB (vertebrobasilar).

2.4. Exploratory Analysis

Exploratory analysis was performed to identify variables associated with secondary S100B protein
serum elevation (Table 3). When multivariate logistic regression was performed, the only independent
predictor of secondary S100B increase was secondary infarction (OR 9.9; 95% CI (3–35); p < 0.001).
As for outcome, secondary increase of S100B protein was associated with a duration of stay in intensive
care ≥ 1 month (p = 0.009) and a longer hospitalization (p = 0.005). A trend towards increased sedation
times was found without reaching significance (p = 0.06).

Table 3. Variables associated with S100B secondary increase.

S100B Secondary
Increase (39/221

BAVM Ruptures)

No Secondary
Increase (182/221
BAVM Ruptures)

Univariate Analysis of
Predictive Factors for

S100B Secondary Increase

p Value

Demographics and Medical History
Age (years) 48 ± 15 42 ± 15 0.058

Male 22/39 (56) 102/182 (56) 0.96
History of high blood pressure 8/39 (20) 26/181 (14) 0.33

Past BAVM rupture 4/39 (10) 19/181 (10) 0.99

Admission Characteristics
Median initial GCS 14 (10–15) 14 (10–15) 0.83

Initial GCS ≤8 9/39 (23) 40/179 (22) 0.99
Heart rate (bpm) 73 ± 18 75 ± 15 0.65

Mean blood pressure (mmHg) 107 ± 25 97 ± 16 0.038 *,†

Plasma troponin elevation 5/31 (16) 19/138 (14) 0.77
Serum creatinine (µmol/L) 62 ± 21 64 ± 19 0.72
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Table 3. Cont.

S100B Secondary
Increase (39/221

BAVM Ruptures)

No Secondary
Increase (182/221
BAVM Ruptures)

Univariate Analysis of
Predictive Factors for

S100B Secondary Increase

p Value

Hemorrhage Characteristics
Infratentorial cerebral hemorrhage 9/39 (23) 28/180 (15) 0.24
Intracerebral hemorrhage ≥30 mL 13/39 (33) 84/178 (47) 0.15

Intraventricular hemorrhage 30/39 (76) 113/180 (62) 0.09
Subarachnoid hemorrhage 13/39 (33) 41/180 (22) 0.21

Subdural hematoma 1/39 (2) 17/180 (9) 0.20

Management and Outcome
EVD placement 30/39 (76) 92/182 (50) 0.002 *,†

Early obliteration (<1 month) 10/39 (25) 48/182 (26) 0.99
Early rebleeding (<1 month) 5/39 (12) 9/182 (4) 0.07 *

Secondary infarction 12/39 (30) 6/180 (3) <0.001 *,†

Vasospasm-related infarction 5/32 (15) 0/174 (0) <0.001 †

Intensive care length of stay ≥30 days 19/34 (55) 40/130 (30) 0.009 †

Mean hospital length of stay (days) 62 ± 53 32 ± 26 0.005 †

Mean sedation time (days) 7 ± 8 3 ± 8 0.06
Modified Rankin Scale ≥3 18/38 (47) 69/176 (39) 0.36

Intra-hospital mortality 4/39 (10) 21/182 (11) 0.99

Values are mean ± standard deviation or medians with interquartile range for quantitative variables and percentages
for qualitative variables. Abbreviations: BAVM (brain arteriovenous malformation); bpm (beats per minute);
GCS (Glasgow coma scale). * Indicates variables included in the multivariate analysis. † Statistical significance
(p < 0.05).

3. Discussion

In this large population with ruptured BAVM, secondary S100B protein serum elevation was
associated with ischemic complications, particularly vasospasm-related infarction and a prolonged
stay both in the intensive care unit and hospital.

Markers of initial severity following BAVM rupture as well as long-term outcome have been
widely studied [1,7–9]. In contrast, studies evaluating the impact of early complications (and their
incidence) such as rebleeding or ischemia remain scarce [5,6,10].

Despite modern techniques of neuromonitoring, prompt diagnosis and correction of complications
represents a challenge when providing care for comatose and/or sedated patients. In some cases,
differentiating primary disease aggravation from the onset of a complication can prove to be challenging.
In this setting, early and extended S100B protein monitoring has been found to be a reliable, non-invasive,
and accessible marker [3].

Elevated S100B serum within 48 h following admission has been found to be an independent
predictor of in-hospital mortality in ruptured BAVM, stronger than imaging markers [2]. The present
study provides an extended S100B protein levels analysis with data obtained within the first month
of admission.

Secondary infarction was responsible for a secondary increase of S100B protein. Regarding the
infarction rate reported herein, a previous study by Chhor et al. [6] found a similar proportion of 8% of
cerebral infarction (all caused by vasospasm) and 17% of vasospasm (non-accountable for infarction) in
72 ruptured BAVM. Prolonged intensive care unit and hospitalization stay, in a patient with secondary
increase of S100B serum protein level, could be attributed to secondary infarction. In this study,
early rebleeding failed to reach statistical significance in its association with S100B secondary increase.
A previous study [5] found that early rebleeding was associated with poor neurological outcome but
not with in-hospital mortality, and could suggest that rebleeding may not be responsible for sufficient
brain cell damage to release S100B protein in the serum, unlike infarction. The low rate of secondary
infarction could underpower its effect on in-hospital mortality and thus explain the lack of significance.
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The monocentric retrospective design of this study is a source of bias. Most data regarding
S100B on the specific population with ruptured BAVM and its early complications originate from our
center, limiting external validity. The impact of vasospasm without infarction on S100B secondary
increase was not evaluated but is unlikely to exist. Heart participation in the release of S100B protein
should also be discussed. It has been proven that S100B protein can be released from the ischemic
heart [11,12]. S100B has also been found to be an independent prognosis factor in chronic heart
failure and major cardiac events [13]. Cardiac participation in the secondary increase of S100B should
be questioned. In this study there was no significant difference in troponin levels between the two
groups at admission, despite known positive correlation between the two proteins [14]. However,
troponin during hospitalization was not monitored. It is therefore not possible to exclude a joint release
of S100B by the brain and the heart, however unlikely. Even so, these results demonstrate that S100B
secondary elevation was likely to be related to cerebral infarction, and the putative origin of its release
does not undermine this specific result. Finally, discontinued sampling of S100B protein in some cases,
after several days of normal levels, is also a limitation, stressing the need for prospective studies with
continued measurement of patients with ruptured BAVM.

4. Materials and Methods

4.1. Patients

Records of adult patients (age >15 years old) with BAVM ruptures, admitted to a tertiary
care teaching center between 1 January 2003, and 1 February 2020, were retrospectively reviewed.
One hundred and ninety-two ruptures included in this study were previously included in a report of
early S100B protein levels after BAVM ruptures [2]. Demographic, clinical, biological, and imaging
characteristics of patients were reviewed. At admission, patients’ troponin levels were recorded
(troponin I before June 2013 and Hs thereafter). Outcomes analyzed included in-hospital mortality,
poor neurological outcome (defined by a Modified Rankin Scale ≥3 at least 3 months after admission),
length of stay, sedation time, external ventricular drainage, early obliteration (surgical and/or
embolization within 1 month), early rebleeding (within 1 month of an untreated BAVM), and the
occurrence of a secondary infarction from any cause during hospitalization. Infarction was defined
on magnetic resonance imaging (MRI) as a hypersignal in a diffusion-weighted imaging sequence
associated with a restricted apparent diffusion coefficient. On computed tomography, infarction was
defined as a cortical and subcortical hypo-attenuated area with an arterial vascular distribution
associated with a vascular spasm or occlusion. Silent microemboli on MRI were excluded as they can
be relayed with diagnostic cerebral angiography [15].

4.2. Ethical Statement

The ethics committee of our institution approved this study. The need for patients’ informed
consent was waived by the Institutional Review Board.

4.3. Statistical Analysis

Continuous variables were expressed as means (standard deviations) or medians (interquartile
range) as appropriate. Categorical variables were expressed as absolute numbers with percentages.
Fisher’s exact test or unpaired t-test with Welch’s correction were performed when appropriate.
Multiple logistic regression analysis was performed to identify predictors of secondary S100B protein
elevation. Variables found to be predictive in univariate analysis with p values <0.1 were included.
Early rebleeding was forced into the model because of clinical significance. p values <0.05 were
considered significant. Statistical analysis was performed using Prism version 8.3.1 (GraphPad
Software, San Diego, CA, USA).



Molecules 2020, 25, 5177 8 of 9

4.4. S100B Protein Serum Level

S100B serum levels at admission and subsequent sampling were retrospectively reviewed. In most
patients, samples were drawn on admission and daily afterwards. Some patients had several
samples drawn on the same day (because of acute deterioration for instance), and only the first was
used for analysis. In some cases, mostly after several days of normal S100B levels, sampling was
discontinued until occurrence of neurological deterioration. Normal S100B level was arbitrarily
defined as <0.1 µg/L in this study. A secondary increase of S100B serum level was defined as an
absolute elevation of 0.1 µg/L at any point in time. Analysis was stopped at 30 days after admission.
Physicians were aware of S100B serum level values in real time. Since December 2, 2010, S100B has
been assayed on ModularE170 analyzer (Roche, Mannheim, Germany). Results assessed before
that date were measured on a LiaisonXL (Diasorin, Saluggia, Italy); therefore, these values were
corrected as (concentration − 0.01)/2.28, according to the linear regression between the two methods
as previously reported [16].

5. Conclusions

Secondary elevation of S100B protein serum levels is associated with secondary infarction and
prolonged hospitalization in patients with ruptured BAVM. Whether monitoring S100B protein
serum levels could help diagnose secondary infarctions, especially in deep comatose patients,
should be evaluated.
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